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1. 

SCISSORTYPE MAGNETIC SENSOR WITH 
HIGH MAGNETIC MOMENT BAS 

STRUCTURE FOR REDUCED SIGNAL 
ASYMMETRY 

FIELD OF THE INVENTION 

The present invention relates to magnetic data recording 
and more particularly to a magnetic sensor having a back 
edge magnetic bias structure formed of a high magnetic 
moment material. 

BACKGROUND 

At the heart of a computer is an assembly that is referred 
to as a magnetic disk drive. The magnetic disk drive includes 
a rotating magnetic disk, write and read heads that are 
Suspended by a suspension arm adjacent to a surface of the 
rotating magnetic disk and an actuator that Swings the 
Suspension arm to place the read and write heads over 
selected circular tracks on the rotating disk. The read and 
write heads are directly located on a slider that has an air 
bearing surface (ABS). The suspension arm biases the slider 
into contact with the surface of the disk when the disk is not 
rotating, but when the disk rotates air is swirled by the 
rotating disk. When the slider rides on the air bearing, the 
write and read heads are employed for writing magnetic 
impressions to and reading magnetic impressions from the 
rotating disk. The read and write heads are connected to 
processing circuitry that operates according to a computer 
program to implement the writing and reading functions. 
The write head includes at least one coil, a write pole and 

one or more return poles. When current flows through the 
coil, a resulting magnetic field causes a magnetic flux to flow 
through the coil, which results in a magnetic write field 
emitting from the tip of the write pole. This magnetic field 
is sufficiently strong that it locally magnetizes a portion of 
the adjacent magnetic media, thereby recording a bit of data. 
The write field then, travels through a magnetically soft 
under-layer of the magnetic medium to return to the return 
pole of the write head. 
A magnetoresistive sensor Such as a Giant Magnetoresis 

tive (GMR) sensor or a Tunnel Junction Magnetoresistive 
(TMR) sensor can be employed to read a magnetic signal 
from the magnetic media. The magnetoresistive sensor has 
an electrical resistance that changes in response to an 
external magnetic field. This change in electrical resistance 
can be detected by processing circuitry in order to read 
magnetic data from the magnetic media. 
The ever present need for increased data density requires 

the reduction of various sensor dimensions which can pres 
ent challenges to sensor design, performance and magneti 
Zation. One parameter that can be reduced to improve data 
density is the gap spacing of the magnetic sensor, as this 
correlates to magnetic bit length and magnetic bit spacing. 
Reduction of this gap length in a traditional giant magne 
toresistive sensor or tunnel junction sensor is limited by the 
need for various magnetic layers necessary for the perfor 
mance of Such a sensor. For example, pinning of the pinned 
layer structure requires the use of a relatively thick layer of 
anti-ferromagnetic material (AFM layer) and also requires a 
complex pinning layer structure Such as an AP coupled 
structure that includes first and second magnetic layers that 
are anti-parallel coupled across a non-magnetic anti-parallel 
coupling layer, with one of the magnetic layers being 
exchange coupled with the AFM layer. The presence of these 
necessary layers increases gap spacing and reduction of the 
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2 
thickness of these layers is problematic. The thickness of 
these layers can only reduced so much without affecting 
sensor performance, reliability and robustness. 
One type of sensor that shows promise in reducing gap 

spacing is a Scissor sensor design. Such a sensor includes 
two magnetic free layers that have magnetizations that are 
biased in directions that are orthogonal to one another. In 
Such a sensor, a pinned layer structure is not necessary so the 
complex, thick pinning structure can be eliminated. How 
ever, Such sensor present challenges with regard to design 
and sensor performance, such as biasing of the two magnetic 
free layers. Therefore, there remains a need for a scissor 
sensor design that can provide a sensor that is practical to 
manufacture, while providing Superior magnetic perfor 
mance and reliability. 

SUMMARY 

Provided herein is a magnetic sensor having first and 
second magnetic free layers that are anti-parallel coupled 
with one another by a non-magnetic anti-parallel coupling 
layer located there-between. The magnetic bias layers have 
a back edge located opposite from a media facing Surface. 
The sensor also includes a magnetic bias layer that extends 
from the back edge of the first and second magnetic free 
layers and that is formed of a magnetic material having a 
high magnetic moment. 
The high magnetic moment magnetic bias layer advanta 

geously reduces signal asymmetry while also maintaining 
high signal amplitude. While it has been believed that a high 
magnetic moment material could not be used because Such 
materials have a low magnetic coercivity and do not, there 
fore, maintain their magnetization as a result of their inher 
ent high magnetic moment, it has been found, Surprisingly, 
that high magnetic moment materials can be used as a bias 
structure in Such a sensor if certain design considerations are 
taken into account and that performance advantages can be 
achieved through the use of Such materials. 
The magnetic bias structure can be constructed of a 

material Such as NiFe having a high Fe content, or from a 
CoFe alloy. 

These and other features and advantages of the invention 
will be apparent upon reading of the following detailed 
description of the embodiments taken in conjunction with 
the figures in which like reference numeral indicate like 
elements throughout. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a fuller understanding of the nature and advantages of 
this invention, as well as the preferred mode of use, refer 
ence should be made to the following detailed description 
read in conjunction with the accompanying drawings which 
are not to Scale. 

FIG. 1 is a schematic illustration of a disk drive system in 
which the invention might be embodied; 

FIG. 2 is view of a slider illustrating the location of a 
magnetic head thereon, as seen from the medium facing 
Surface; 

FIG. 3 is an enlarged view of a magnetic sensor as seen 
from the medium facing Surface; 

FIG. 4 is a top down cross sectional view of the magnetic 
sensor as seen from line 4-4 FIG. 3; 

FIG. 5 is an exploded schematic view of a scissor type 
magnetic sensor illustrating the effect of magnetic biasing on 
magnetizations of magnetic free layers of a scissor type 
magnetic sensor, 



US 9,513,349 B2 
3 

FIG. 6 is a side, cross sectional view as seen from line 6-6 
of FIG. 4; and 

FIG. 7 is top down cross sectional view similar to that of 
FIG. 4 of a sensor according to an alternate embodiment. 

FIG. 8 is a side, cross sectional view according to an 
alternate embodiment. 

DETAILED DESCRIPTION 

The following description is of the best embodiments 
presently contemplated for carrying out this invention. This 
description is made for the purpose of illustrating the general 
principles of this invention and is not meant to limit the 
inventive concepts claimed herein. 

Referring now to FIG. 1, there is shown a disk drive 100. 
The disk drive 100 includes a housing 101. At least one 
rotatable magnetic disk 112 is Supported on a spindle 114 
and rotated by a disk drive motor 118. The magnetic 
recording on each disk is in the form of annular patterns of 
concentric data tracks (not shown) on the magnetic disk 112. 

At least one slider 113 is positioned near the magnetic 
disk 112, each slider 113 Supporting one or more magnetic 
head assemblies 121. As the magnetic disk rotates, slider 113 
moves in and out over the disk surface 122 so that the 
magnetic head assembly 121 can access different tracks of 
the magnetic disk where desired data are written. Each slider 
113 is attached to an actuator arm 119 by way of a suspen 
sion 115. The suspension 115 provides a slight spring force 
which biases the slider 113 against the disk surface 122. 
Each actuator arm 119 is attached to an actuator means 127. 
The actuator means 127 as shown in FIG. 1 may be a voice 
coil motor (VCM). The VCM comprises a coil movable 
within a fixed magnetic field, the direction and speed of the 
coil movements being controlled by the motor current 
signals supplied by the controller 129. 

During operation of the disk storage system, the rotation 
of the magnetic disk 112 generates an air bearing between 
the slider 113 and the disk surface 122, which exerts an 
upward force or lift on the slider. The air bearing thus 
counter-balances the slight spring force of the Suspension 
115 and supports the slider 113 off and slightly above the 
disk Surface by a small, Substantially constant spacing 
during normal operation. 
The various components of the disk storage system are 

controlled in operation by control signals generated by 
control unit 129. Such as access control signals and internal 
clock signals. Typically, the control unit 129 comprises logic 
control circuits, storage, means and a microprocessor. The 
control unit 129 generates control signals to control various 
system operations such as drive motor control signals online 
123 and head position and seek control signals on line 128. 
The control signals on line 128 provide the desired current 
profiles to optimally move and position the slider 113 to the 
desired data track on the media 112. Write and read signals 
are communicated to and from write and read heads 121 by 
way of recording channel 125. 

With reference to FIG. 2, the orientation of the magnetic 
head 121 in a slider 113 can be seen in more detail. FIG. 2 
is a media facing surface (MFS) view of the slider 113, and 
as can be seen, the magnetic 121 head, including an induc 
tive write head and a read sensor, is located at a trailing edge 
of the slider. The above description of a typical magnetic 
disk storage system and the accompanying illustration of 
FIGS. 1 and 2 are for representation purposes only. It should 
be apparent that the disk storage system may contain a large 
number of disks and actuators, and each actuator may 
Support a number of sliders. 
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4 
FIG. 3, shows a view of a magnetic read head 300 as 

viewed from the air media facing surface. The read head 300 
is a scissor type magnetoresistive sensor having a sensor 
stack 302 that includes first and second magnetic free layers 
304,306 that are anti-parallel coupled across a non-magnetic 
layer 308 that can be a non-magnetic, electrically insulating 
barrier layer Such as MgOX or an electrically insulating 
spacer layer such as AgSn. A capping layer structure 310 can 
be provided at the top of the sensor stack 302 to protect the 
layers of the sensor Stack during manufacture. The sensor 
stack 302 can also include a seed layer structure 312 at its 
bottom to promote a desired grain growth in the above 
formed layers. 
The first and second magnetic layers 304, 306 can be 

constructed of multiple layers of magnetic material. For 
example, the first magnetic layer 304 can be constructed of: 
a layer of Ni–Fe; a layer of Co Hf deposited over the 
layer of Ni–Fe; a layer of Co-Fe B deposited over the 
layer of Co-Hf, and a layer of Co-Fe B. The second 
magnetic layer 306 can be constructed of: a layer of Co-Fe: 
a layer of Co—Fe—B; and a layer of Ni–Fe deposited over 
the layer of Co-Hf. The capping layer structure 310 can 
also be constructed as a multi-layer structure and can include 
first and second layers of Ru with a layer of Ta sandwiched 
there-between. The seed layer structure 312 can include a 
layer of Ta and a layer of Ru formed over the layer of Ta. 
The sensor stack 302 is sandwiched between leading and 

trailing magnetic shields 314, 316, each of which can be 
constructed of a magnetic material Such as Ni-Fe, or a 
composition having a high magnetic permeability ( ) to 
provide effective magnetic shielding. 

During operation, a sense current or voltage is applied 
across the sensor stack 302 in a direction perpendicular to 
the plane of the layers of the sensor stack 302. The shields 
314, 316 can be constructed of an electrically conductive 
material so that they can function as electrical leads as well 
as functioning as magnetic shields. 
The electrical resistance across the sensor stack 302 

depends upon the direction of magnetization of the magnetic 
free layers 304,306 relative to one another. The closer the 
magnetizations of the layers 304,306 are to being parallel to 
one another, the lower the electrical resistance will be, and, 
conversely, the closer the magnetizations of the layers 304, 
306 are to being anti-parallel to one another, the higher the 
electrical resistance will be. Since the orientations of the 
magnetizations of the layers 304, 306 are free to move in 
response to an external magnetic field, this change in mag 
netization direction and resulting change in electrical resis 
tance can be used to detect a magnetic field Such as from an 
adjacent magnetic media (not shown in FIG. 3). The relative 
orientations of the magnetizations of the layers 304,306 will 
be described in greater detail below with reference to FIG. 
4. If the non-magnetic layer 308 is an electrically insulating 
barrier layer, then the sensor operates based on the spin 
dependent tunneling effect of electrons tunneling through 
the barrier layer. On the other hand, if the layer 308 is an 
electrically conductive spacer layer, then the change in 
electrical resistance results from the spin dependent scatter 
ing phenomenon. 

With continued reference to FIG. 3, the sensor 300 also 
can include an anti-parallel soft magnetic side shield struc 
tures 318 at either side of the sensor stack 302. Each of the 
side shield structures 318 is separated from the sensor stack 
302 and from the bottom shield 314 by a thin, non-magnetic, 
electrically insulating layer 320, which can be a material 
such as alumina, SixNy, Ta-Os, or MgO. Each of the side 
shield structures 318 includes first and second soft magnetic 
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layers 322, 324 that are anti-parallel coupled with one 
another across an anti-parallel coupling layer 326. The soft 
magnetic layers 322, 324 are constructed of a material Such 
as NiFe, NiFeCr, CoNiFe, or an alloy thereof that a low 
magnetic coercivity and a high magnetization saturation. 
The soft magnetic layers 322, 324 can be constructed of the 
same materials as one another or can be constructed of 
different materials having differing magnetic moments (BS). 
A seed layer 332 can be provided at the bottom of the shield 
structure 318 to provide a desired grain structure in the 
layers 322, 324, 326 formed there-above. The soft magnetic 
layers 322, 324 have magnetizations 334, 336 respectively 
that are oriented in opposite directions, each parallel with the 
air bearing Surface. 

FIG. 4 shows a top down, cross sectional view as seen 
from line 4-4 of FIG. 3. FIG. 4 shows the sensor stack 302 
having a front edge 402 that extends to the media facing 
surface (MFS) and has a back edge 404 opposite the front 
edge 402. The distance between the front edge 402 and back 
edge 404 defines the stripe height of the sensor stack 302. 
As can be seen in FIG. 4, the sensor 300 also includes a 

magnetic bias structure 406 that extends from the back edge 
404 of the sensor stack 302 in a direction away from the 
media facing surface (MFS). The space behind the side 
shields 318 and at either side of the bias structure 406 can 
be filled with a non-magnetic, electrically insulating fill 
material Such as alumina (Al2O) 321. The magnetic bias 
structure 406 is constructed of a material having a high 
magnetic moment. The magnetic bias structure 406 is pref 
erably constructed of a material having a magnetic moment 
of at least 1.0 T, and more preferably 1.6 T or greater. 
Previously it had been believed that a bias structure had to 
be constructed of a hard magnetic material having a high 
magnetic coercivity. Such materials, once magnetized, 
maintain their magnetization as a result of their high mag 
netic coercivity. It has been believed that in order to prevent 
the bias structure from becoming de-magnetized and losing 
its ability to provide a magnetic bias field, a magnetic bias 
structure had to be constructed of Such a high magnetic 
moment material. Such high coercivity materials necessarily 
have a relatively low magnetic moment such as 0.5 T or 
lower. 

However, the inventors have found that with proper 
design of the bias layer 406, the bias structure 406 can be 
constructed of a material having a high magnetic moment 
even if Such material has a lower magnetic coercivity (e.g. 
is magnetically soft). What's more, the inventors have found 
that the use of such a magnetic bias structure 406 results in 
a decrease in signal asymmetry, and also, Surprisingly, 
maintains high signal amplitude. 

To this end, the magnetic bias structure 406 can be 
constructed of a magnetic material having a high magnetic 
moment of at least 1.0 T. Suitable materials for the magnetic 
bias structure include NiFe having a high Fe content, such 
as greater than 40 atomic percent. More specifically the bias 
structure could be constructed of Ni Fe having an Fe 
content of 50-60 atomic percent. This material has a mag 
netic moment of about 1.6 T. The magnetic bias structure 
406 can also be constructed of CoFe, which has a magnetic 
moment of about 2.4 T. 
As discussed above, the bias layer can maintain its 

magnetization 410 (FIG. 4) even when made of a low 
coercivity, high magnetic moment material if certain design 
considerations are met. For example, with reference to FIG. 
4 (which is not to scale), the bias structure 406 can be 
constructed with a length L. measured perpendicular to the 
media facing surface MFS, and has a width W measured 
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6 
parallel with the media facing surface MFS. If the width W 
is Small relative to the length L, the magnetic bias structure 
has a shape enhanced magnetic anisotropy that keeps the 
magnetization 410 aligned in the desired direction even 
though the bias layer structure 406 has a low magnetic 
coercivity. 

In addition, the magnetization 410 of the bias structure 
406 can be maintained by exchange coupling with a layer of 
anti-ferromagnetic material. With reference now to FIG. 6, 
which shows a side cross sectional view as seen from line 
6-6 of FIG. 4, a layer of anti-ferromagnetic material (AFM 
layer) such as IrMn or PtMn 602 can be exchange coupled 
with the magnetic bias structure 406. The AFM layer 602 
can be formed beneath the bias layer 406 as shown in FIG. 
6, or could alternatively also be formed above the bias layer 
406 (as shown in FIG. 8). While the AFM layer 602 does not 
in and of itself have a net magnetization of its own, when is 
exchange coupled with a layer of magnetic material Such as 
the bias layer 406 it strongly pins the magnetization of that 
layer. 
The magnetic bias structure is separated from the sensor 

stack 302 by a non-magnetic, electrically insulating layer 
408, such as alumina, SiNa, MgO, Ta-Os, or a combination 
thereof. The soft magnetic bias structure has a magnetization 
410 that is oriented in a direction that is perpendicular to the 
media facing surface MFS, as shown. 

FIG. 5 shows an exploded schematic view of the sensor 
300. As shown in FIG. 5, the free layers 304, 306 have 
magnetizations 338,340 that are oriented generally orthogo 
nal to one another. In the absence of a magnetic field from 
the magnetization 410 of the bias layer 406, the magneti 
zations 338, 340 would tend to align anti-parallel to one 
another in a direction parallel with the media facing Surface 
MFS, as a result of the anti-parallel coupling of the free 
layers 304, 306 and a magnetic anisotropy in a direction 
parallel with the media facing surface MFS. 

However, the presence of the magnetic field from the 
magnetization 410 of the bias structure 406 causes the 
magnetizations 338, 340 to rotate so that they are generally 
orthogonal as shown. However, the magnetizations 338, 340 
can respond to a magnetic field by rotating in a scissoring 
fashion. While the bias layer rotates the magnetizations 338, 
340 of the free layers 304, 306 in desired orthogonal 
directions, the magnetization 410 of the bias layer 406 does 
not prevent the magnetizations 338, 340 from flipping 
direction (e.g. with magnetization 336 pointing to the right 
and 338 pointing to the left), which would render the sensor 
300 incompatible with the signal processing circuitry and 
would, therefore, render the sensor 300 useless. 
The magnetizations 334, 336 from the layers 322,324 of 

the soft side shield structure 318 (FIG. 3) prevent this. As 
can be seen in FIG. 3, the magnetic layer 322 is aligned with 
the bottom free layer 304 and the upper magnetic layer 324 
is aligned with the upper free layer 306. Therefore, the 
magnetization 334 tends to pull the magnetization 338 in 
one direction parallel with the media facing surface MFS, 
whereas the magnetization 336 tends to pull the magnetiza 
tion 340 in an opposite direction parallel with the media 
facing surface MFS. This effectively prevents the magneti 
zations 338, 340 from flipping direction and improves the 
reliability of the sensor. 

With reference to FIG. 7, an alternate embodiment is 
described. This embodiment includes a sensor 700 that can 
be similar to that described above with reference to FIGS. 3, 
4 and 6, except that the side shield structures 318, described 
above with reference to FIGS. 3, 4 and 6, have been omitted. 
In this structure the magnetic biasing from the bias structure 
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406 maintains proper orientation of the magnetic layers of 
the sensor structure 302 without such side shields. As can be 
seen, in the embodiment shown in FIG. 7 the non-magnetic, 
electrically insulating fill layer 321 can extend to the media 
facing surface (MFS) adjacent to the sides of the sensor 
stack 302. Also, since the material 321 is non-magnetic, and 
electrically insulating, the insulation layers 320 described 
above with reference to FIG. 3 are unnecessary. 

While various embodiments have been described above, 
it should be understood that they have been presented by 
way of example only and not limitation. Other embodiments 
falling within the scope of the invention may also become 
apparent to those skilled in the art. For example, while use 
of a magnetic sensor was described in terms of a magnetic 
disk drive system, such sensor could also be used in other 
applications such as in a magnetic tape drive system or other 
application. Thus, the breadth and scope of the invention 
may also become apparent to those skilled in the art. Thus, 
the breadth and scope of the inventions should not be limited 
by any of the above-described exemplary embodiments, but 
should be defined only in accordance with the following 
claims and their equivalents. 
What is claimed is: 
1. A magnetic sensor, comprising: 
first and second free magnetic layers that are anti-parallel 

coupled with one another by a non-magnetic anti 
parallel coupling layer sandwiched between the first 
and second free magnetic layers, the first and second 
free magnetic layers each having a front edge located at 
a media facing Surface and a back edge opposite the 
front edge; and 

a magnetic bias layer located adjacent to the back edge of 
the first and second free magnetic layers and extending 
in a direction away from the media facing Surface, the 
magnetic bias layer comprising a material having a 
high magnetic moment; 

wherein the magnetic bias layer is formed entirely of NiFe 
having an Fe content greater than 40 atomic percent, 
but not greater than 60 atomic percent; and 

wherein the first and second free magnetic layers and the 
non-magnetic anti-parallel coupling layer have first and 
second laterally opposed sides, the magnetic sensor 
further comprising first and second soft magnetic side 
shield structures extending from each of the first and 
second sides of the first and second magnetic free 
layers and non-magnetic anti-parallel coupling layer. 

2. The magnetic sensor as in claim 1, wherein the mag 
netic bias layer has a magnetic moment of at least one Tesla. 

3. The magnetic sensor as in claim 1, wherein the mag 
netic bias layer comprises NiFe having an Fe content of 
50-60 atomic percent. 

4. The magnetic sensor as in claim 1, wherein the mag 
netic bias layer has a magnetic moment of at least 1.6 Tesla. 

5. The magnetic sensor as in claim 1, further comprising, 
a non-magnetic, electrically insulting layer separating the 
magnetic bias layer from the first and second free magnetic 
layers and the non-magnetic anti-parallel coupling layer. 

6. The magnetic sensor as in claim 1, wherein the first and 
second soft magnetic side shield structures each include first 
and second anti-parallel coupled soft magnetic layers. 

7. The magnetic sensor as in claim 6, wherein the soft 
magnetic side shield structures are separated from the first 
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8 
and second magnetic free layers and anti-parallel coupling 
layer by a non-magnetic, electrically insulating layer. 

8. The magnetic sensor as in claim 1, wherein the mag 
netic sensor is a Scissor type magnetic sensor. 

9. The magnetic sensor as in claim 1, further comprising 
a layer of anti-ferromagnetic material exchange coupled 
with the magnetic bias layer. 

10. The magnetic sensor as in claim 1, wherein the layer 
of anti-ferromagnetic material is exchange coupled with a 
bottom surface of the magnetic bias layer. 

11. The magnetic sensor as in claim 1, wherein the layer 
of anti-ferromagnetic material is exchange coupled with an 
upper Surface of the magnetic bias layer. 

12. The magnetic sensor as in claim 1, wherein the 
magnetic bias layer has a length measured perpendicular to 
the back edge of the first and second magnetic free layers, 
the magnetic bias layer has a width measured parallel with 
the back edge of the first and second magnetic free layers 
and wherein the length is larger than the width so as to create 
a shape enhanced magnetic anisotropy in the magnetic bias 
layer that is oriented perpendicular to the back edge of the 
first and second magnetic free layers. 

13. A magnetic data recording system, comprising: 
a magnetic head; 
a mechanism for moving a magnetic media relative to the 

magnetic head; and 
a magnetic sensor formed on the magnetic head, the 

magnetic sensor further comprising: 
first and second free magnetic layers that are anti-parallel 

coupled with one another by a non-magnetic anti 
parallel coupling layer sandwiched between the first 
and second free magnetic layers, the first and second 
free magnetic layers each having a front edge located at 
a media facing Surface and a back edge opposite the 
front edge; and 

a magnetic bias layer located adjacent to the back edge of 
the first and second free magnetic layers and extending 
in a direction away from the media facing Surface, the 
magnetic bias layer comprising a material having a 
high magnetic moment; 

wherein the magnetic bias layer is formed entirely of NiFe 
having an Fe content greater than 40 atomic percent, 
but not greater than 60 atomic percent; and 

wherein the first and second free magnetic layers and the 
non-magnetic anti-parallel coupling layer have first and 
second laterally opposed sides, the magnetic sensor 
further comprising first and second soft magnetic side 
shield structures extending from each of the first and 
second sides of the first and second magnetic free 
layers and non-magnetic anti-parallel coupling layer. 

14. The magnetic sensor as in claim 13, wherein the 
magnetic bias layer has a magnetic moment of at least one 
Tesla. 

15. The magnetic sensor as in claim 13, wherein the 
magnetic bias layer comprises NiFe having an Fe content of 
50-60 atomic percent. 

16. The magnetic sensor as in claim 13, wherein the 
magnetic bias layer has a magnetic moment of at least 1.6 
Tesla. 


